United States Patent (12) (10) Patent N0.: US 6,694,243 B2 An on-board catalyst diagnostic for monitoring the conver sion ef?ciencies of a catalytic converter by measuring the oxygen storage capacity (OSC) of the converter. The mea surement of the OSC indicates the degree of health of the converter. Under the same engine running conditions, the greater the OSC measurement, the healthier the converter. A modeled OSC is compared to the real OSC to determine a normalized OSC. The normalized OSC is compared to a predetermined threshold value in order to determine the health of the converter. The modeled OSC takes into con sideration variables Which Will affect the value of the OSC. One of the principal components of the vehicle's emission system is the catalytic converter, typically a TWC (Three Way Catalyst-NOx, hydrocarbons and oxides, i.e., CO).
TWCs store oxygen When the engine operates lean and release stored oxygen When the engine operates rich to combust gaseous pollutants such as hydrocarbons or carbon monoxide. As the catalyst ages, its ability to store oxygen diminishes and thus the ef?ciency of the catalytic converter decreases.
In order to determine the ef?ciency of the catalytic converter, systems monitor the ability of TWCs to store oxygen to determine failure of the catalyst. Typically an EGO (exhaust gas oxygen sensor) is placed upstream of the Catalysis and OBD-II Catalyst Monitoring", SAE paper 931034, 1993. Another signi?cant disadvantage of current monitoring systems is that for such methods to be applied to loW emission vehicles and ultra-loW emission vehicles, it Will be necessary to monitor increasingly smaller portions of the TWC leading to less reliable correlations to total TWC performance. Finally, any system Which attempts to evaluate the ef?ciency of the catalytic converter by ascertaining the gas composition of an exhaust stream before and after the TWC is inherently ?aWed because i) the speed of the gas has to be precisely determined even though the gas stream passes through a tortuous path Within the converter condu cive to producing uneven ?oW for various gas stream slips and ii) the gaseous reactions Within the TWC are funda mentally kinetic in nature and vary in a complex manner depending on the speed and particular composition of the exhaust gas at any given instant.
Vehicles Koupal studied the adaption of the integrated area difference algorithm developed by Clemmens to on-vehicle test results.
The results Were that the dual oxygen sensor method using integrated area difference analysis, Was able to distinguish betWeen good and bad catalyst under controlled conditions. Presently, the method disclosed in this SAE Technical Paper Series 910561 is a method of using dual oxygen sensors for on-board diagnostic system measurement. HoWever, it is extremely difficult to obtain consistent in-?eld measurements due to inconsistencies and, often, insuf?cient air to fuel sWings.
In thesis, "An Engine Test to Measure the Oxygen Storage Capacity of a Catalyst (provide source), the oxygen storage capacity of a catalyst is assessed to determine its ef?cacy based on measurements of upstream and doWnstream air to fuel ratio. One method to determine Whether the catalyst is perform ing is to measure the sWitch ratio of the doWnstream versus, the upstream EGO sensors to determine the oxygen storage capacity of a catalytic converter. Based on this measurement the performance can be assessed (J. W. Koupal, M. A. Sabourin, W. B. Clemmens, "Detection of Catalyst Failure On-Vehicle Using the Dual Oxygen Sensor Method", SAE 910561, 1991). Currently, this is the most common method of using dual oxygen sensors for on-board diagnostic system measurements. HoWever, it is extremely difficult to obtain consistent in-?eld measurements due to inconsistent and often insuf?cient air to fuel sWings.
Another method of using dual oxygen sensors includes biasing the engine air to fuel ratio either rich or lean, and then determining the time it takes for the doWnstream HEGO sensor to sensor sWitch in the engine operating condition, vis-a-vis the upstream HEGO sensor. While this is a more reliable method of determining the oxygen storage capacity of the catalytic converter, it is intrusive. The measurement procedure involves changing the operation condition of the vehicle.
There are tWo inherent problems relating to the use of the oxygen sensors for on-board diagnostic measurements. One, is that there is no strong relationship betWeen the oxygen storage in the catalytic converter and the hydrocarbon con The system provides an accurate vehicular on-board auto motive emission monitoring system Which produces consistent, reliable readings indicative of the gaseous pol lutants actually emitted by the vehicle.
The system also provides an automotive on-board emis sion monitoring system Which can be varied to determine US 6, 694, 243 B2 5 compliance With any emission test protocol and Which can automatically adjust for aging of the catalytic converter.
The system provides an on-board vehicular emission monitoring system Which is simple and inexpensive.
In an embodiment, the system provides a vehicular emis sion monitoring system Which utiliZes the vehicle's existing ECM to monitor the emissions produced by the vehicle.
Still another object of an exemplary embodiment of the present invention is to provide an on-board vehicular emis sion monitoring system Which is predictive of an expected failure of the vehicle's emission system so that the vehicle can be scheduled for preventive maintenance.
Still another object of an exemplary embodiment of the present invention is to provide an on-board emission diag nostics system Which after determining that a failure of the emissions system by a relatively fast processing routine then proceeds to execute further processing routine to pinpoint the components in the system Which caused the failure.
These and other objects, features and advantages of the present invention Will become apparent to those skilled in the art upon reading and understanding the Detailed Referring noW to the draWings Wherein the shoWings are for the purpose of illustrating a preferred embodiment invention only and not for the purpose of limiting same, there is generally shoWn in diagrammatic form in FIG. 1 In accordance With these requirements a catalyst system shall be considered malfunctioning When its conversion capability decreases to the point that hydrocarbon (HC) or oxides of nitrogen (NOx) emissions exceed 1.75 times the applicable FTP emission standards. Since the LEV II stan dards are much more stringent than the current ULEV standards in terms of the NOx emissions (e.g., the Anno exhibition standards for MDV trucks is reduced by the factor of 12 from ULEV to LEVII), a catalyst monitor With higher accuracy and robustness must be developed to comply With the neW requirements.
The catalytic converter contains reactive precious metals Stabilization Time After the vehicle has been started and enters an idle state, the Whole system takes a feW seconds (eg 4 seconds) to stabiliZe and ?nish the transition from starting to idling.
System Learning Time
This is a closed-loop fuel control state Where fuel control data, idle stability data, and catalyst operating state data is captured prior to enabling the ?rst of the tWo air/fuel transitions. At the end of this stage, the proportional fuel control should be set to Zero, the long-term memory should be froZen at Where it is, and the short term integrator should be froZen to the average value during the stage. The fuel control system enters an open-loop mode afterWards until the Whole diagnostic is ?nished or aborted.
Testing With the First Air/fuel Ratio Transition The ?rst of the tWo air/fuel transitions is performed by changing the commanded air/fuel ratio from the stoichio metric point to a lean value. In an exemplary embodiment, the percentage air/fuel ratio change is a calibration constant (eg 6% lean). This is done by performing an open loop fuel control and commanding a lean air to fuel ratio and then monitoring the postiO2 sensor voltage until it falls beloW a calibrated both value (eg 80 mV) indicating a lean state measurement.
The system continues to command a lean air to fuel ratio (eg 6%) for a calibratable duration of time (eg 3 seconds) to saturate the catalytic converter and drive it to a ?xed saturation state before proceeding to the second part of the test.
Testing With the Second Air/fuel Ratio Transition The second of the tWo air/fuel transitions is performed by changing the commanded air/fuel ratio to the direction opposite to the previous stage. The OSC measurement is made during this transition. The OSC is the measured elapsed time betWeen the transition of pre-O2 sensor to the second air/fuel state and the transition of the post O2 sensor to the second air/fuel state. US 6, 694, 243 B2 Engine stabiliZation occurs during block 104 and block 106 checks the enable conditions. After the engine starts idling the diagnostic Waits a feW seconds to alloW the engine to stabiliZe. In the meantime the diagnostic algorithm checks all relating enabling conditions. This is based on an observed correlation betWeen catalyst conversion ef?ciency and OSC.
In addition, the folloWing correlation has also been found:
Where STI denotes the fuel control integrator value Which is an averaged value during the system learning time period (FIG. 3) , and a, b, c, d are calibration constants to match the data. 4. The method as in claim 3, Wherein said ?rst predeter mined period of time is about four seconds.
5. The method as in claim 1, further comprising:
capturing a plurality of fuel control inputs prior to forcing said catalytic converter into said stable saturated state. 6. The method as in claim 5, further comprising:
Waiting a second predetermined period of time prior to capturing said plurality of fuel control inputs.
7. The method as in claim 1, Wherein said lean air to fuel ratio is about 6% and said rich air to fuel ratio is about 10%.
8. The method as in claim 1, further comprising:
Waiting a third predetermined period of time prior to changing said saturated state from said lean air to fuel ratio to said rich air to fuel ratio.
9. The method as in claim 8, Wherein said third predeter mined period of time is about three seconds. 11. The method as in claim 1, Wherein the oxygen storage capacity of the catalytic converter is good When said nor maliZed oxygen storage capacity value is less than said threshold value and the oxygen storage capacity of the catalytic converter is bad When said normaliZed oxygen storage capacity value is greater than said threshold value.
